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Abstract— An international intercomparison of horn gain and
polarization measurements at X-band has recently been com-
pleted. There were seven participating laboratories with the
National Institute of Standards and Technology serving as the
pilot laboratory. Two X-band pyramidal standard gain horns
with a nominal gain of 22 dB served as the traveling standards.
Quantities measured included on-axis fixed frequency gain at 8,
10, and 12 GHz, swept frequency gain between 8-12 GHz and
polarization characteristics at the three fixed frequencies. All
laboratories performed the fixed frequency-gain measurements.
The swept-frequency and polarization measurements were op-
tional, with four laboratories performing swept-frequency mea-
surements and three laboratories measuring polarization. The
results of the gain measurements generally agreed within the
reported uncertainties which were of the order of 0.1 dB or less.

I. INTRODUCTION

N international intercomparison of horn gain and po-
larization at X-band has recently been completed. This
comparison was initiated in July 1978 by a resolution at
a meeting of the High-Frequency Working Group of the
Consultative Committee on Electricity of the International
Bureau of Weights and Measures, and designated GT-RF 78-5.
Participants in the intercomparison were Fernmeldetechnis-
chen Zentralamt (now Deutsche Telekom AG, Forschungs-
und Technologiezentrum) (FTZ), Germany, Technical Univer-
sity of Denmark, Denmark (TUD), Centre National d’Etudes
des Telecommunications (CNET), France, Commonwealth
Scientific and Industrial Organization (CSIRO), Australia,
National Physical Laboratory (NPL), UK, Van Swinden
Laboratory (VSL), The Netherlands, and the National Institute
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‘Fig. 1. Pyramidal horns used as traveling standards showing the alignment

fixture and mirror used to ensure that the measurement axis was repeatable.

of Standards and Technology (NIST), USA, which served as
the pilot laboratory.

II. DESCRIPTION OF THE INTERCOMPARISON

The test objects for the intercomparison were two commer-
cially available, nominally identical, 22-dB pyramidal standard
gain horns of the NRL design of Slayton [1]. To ensure that the
experimental conditions were identical for each test, the anten-
nas were provided with an alignment mirror which uniquely
defined the boresight direction, as illustrated in Fig. 1. To

. minimize hom interaction with the mounting structure, a

section of microwave absorber was placed behind each horn,
as illustrated in Fig. 2. The antennas were initially calibrated
at NIST and subsequently two additional times, one after the
intercomparison was partially completed and a final time after
the completion of all other measurements.

Laboratories were invited to participate at various levels.
The basic level consisted of measuring the gain of the horn
at 10 and 12 GHz. In addition, a measurement at 8 GHz
could also be performed. A swept-frequency gain measurement
between 8—12 GHz was also available as an option. Finally,
polarization parameters (axial ratio (AR), tilt angle, and sense
of rotation) at 8, 10, and/or 12 GHz could also be measured
as an option. Table I gives the level of participation and dates
of measurement for each participating laboratory.
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TABLE I
SUMMARY OF MEASUREMENTS PERFORMED AT PARTICIPATING LABORATOKIES
Laboratory Date Fixed Frequency Gain Swept Gain Polarization
NIST (NBS)  °80, ’82, ’86, 92 8, 10, 12 8-12 GHz AR., Tilt, Sense
TUD 1985 8, 10, 12 8-12.4 GHz AR, Tilt, Sense
CNET 1988 8.2, 10, 12° 8.2-12.4 GHz
FTZ 1987 8,10, 12" 8-12.4 GHz
CSIRO 1988 8, 10, 12
NPL 1991 8, 10, 12 8-12.5 GHz
VSL 1992 8, 10, 12 AR
*Antennas assumed identical, average values are reported
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NIST (USA) Description [2] and [3]

The four sets of measurements at NIST were performed
using an extended three-antenna technique to allow polariza-
tion measurements. The gain products were obtained using the
extrapolation technique described in [2]. The 1980 and 1982
measurements used a distance range of 0.25 D? /X to 1.0 D2/},

while the 1986 and 1992 measurements used a distance range -

of 0.5 D?/X to 2.0 D?/). Polarization was determined using
a modified three-antenna technique [3]. Three-antenna swept-
frequency measurements were also performed in 1982, 1986,
and 1992. These measurements were performed at a fixed
distance, and the resultant swept-frequency curves corrected
using measured gain and proximity correction at the fixed
frequencies.

TUD (Denmark) Description [4]

Measurements were performed using a spherical near-field
technique to determine pattern and directivity. The probe was
a conical horn, and 90 spherical modes were used to calculate
the patterns. The measurement distance was 5.742 m and data
were probe corrected. Gain was calculated from directivity
and the calculated wall loss for the antenna which was of the

cies, 8, 10, and 12 GHz for traveling standard number one. Asterisks indicate
gain values are averages for the two test horns. Error bars are the 2¢ values
as reported by the participating laboratories.

order of 0.01 dB. Spherical measurements were performed
at 85 frequencies to give swept-frequency gain ‘coverage.
Polarization was obtained from the spherical measurement, the
probe polarization having been previously calibrated using the
three-antenna technique. '

CNET (France) Description [5]

Measurements were performed assuming that the antennas
were identical and employed a theoretical proximity correction
based on the formulation of Chu and Semplak [6]. Mechanical
and radiation pattern measurements were performed on the
antennas' to verify that they were, in fact, identical. The
anechoic chamber has a useful volume of 5m X 6 m x 12 m.
Power ratio for the measurement was made using the insertion-
loss technique. Measurements were performed at 20 distances
between 2.5-4.5 m. In addition, a pair of measurements was
performed at a separation increment of A/4 to allow correction
for multiple reflections.
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TABLE II
GAIN OF INTERCOMPARISON STANDARDS AT 8.0 GHz
Laboratory Gain S/N 1 (dB) Gain S/N 2 (dB) 20 Uncertainty (dB)

NIST (1980) 21.61 21.54 0.07
NIST (1982) 21.62 21.57 0.07
NIST (1986) 21.39 21.31 0.07
NIST (1992) . 21.40 21.40 0.07
TUD 21.31 21.30 0.06
CNET’ 21.35 21.35 0.07
FTZ 21.28 21.28 10.08
CSIRO 21.37 21.34 0.05
NPL 21.38 21.34 0.04
VSL 21.23 21.23 0.5

‘Frequency of measurement was 8.2 GHz.

* TABLE III
GAIN OF INTERCOMPARISON STANDARDS AT 10.0 GHz
Laboratory Gain S/N 1 (dB) Gain S/N 2 (dB) 2c Uncertainty (dB)
NIST (1980) ‘ 22.19 22.29 0.07 !
NIST (1982) 2228 22.26 0.07
NIST (1986) 22.21 2221 0.07
NIST (1992) 22.26 22.23 0.07
TUD 22.18 2223 0.06
CNET 22.15 22.15 0.07
FTZ 22.10 22.10 0.08
CSIRO 22.19 22.17 0.04
NPL 22.22 22.19 0.04
VSL 21.89 21.97 0.5
TABLE IV
GAIN OF INTERCOMPARISON STANDARDS AT 12.0 GHz
Laboratory Gain S/N 1 (dB) Gain S/N 2 (dB) 2c Uncertainty (dB)
NIST (1980) 22.59 22.65 0.07
NIST (1982) 22.62 22.63 0.07
NIST (1986) 22.67 22.60 0.07
NIST (1992) 22.67 22.57 0.07
TUD 22.72 22.71 0.06
CNET 22.52 22.52 0.07
FTZ 22.56 22.56 0.08
CSIRO 22.66 22.61 0.04
NPL 22.67 22.60 0.07
VSL 22.43 22.39 0.5
FTZ (Germany) Description [7] and [8] Friis transmission formula. The amplitude center technique of

Measurements of the antennas were performed at a sepa- Appel-Hansen and Panicali [9], [10] was used to determine
ration of approximately 6.6 m and gain calculated using the the proper separation distance for use in this formula. The
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amplitude centers were determined by separation distance
shifts of 0.64-0.72 m. Data were also smoothed to eliminate
the effects of multiple reflections. The antennas were assumed
to be identical.

CSIRO (Australia) Description [11]

Measurements were performed using the three-antenna tech-
nique to a suite of four antennas that comprised the two
traveling antennas and two supplied by CSIRO. This gave four
three-antenna sets which yielded three distinct gain determina-
tions of each antenna. The measurements were performed in
a7m X 5m x 3 m anechoic chamber. Measurements were
performed at separations from 0.5 D2/ to at least 4 D2/
Data were analyzed using an extended version of the Friis
transmission formula which includes a theoretically derived
proximity correction [12]. This theoretical correction is then
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weighted in such a way as to better fit the measured gain
product versus distance characteristic.

NPL (UK) Description [13]

Measurements were performed in the NPL extrapolation
range of dimension 9.5 m x 4.1 m x 3.07 m. The microwave
power was supplied by a synthesized sweep generator. At each
measurement distance, the power transmission was measured
at frequency increments of 0.05 GHz between 8.0-12.5 GHz.
Thus, the swept-frequency measurements were not made at a
fixed distance. They comprise 91 gain values measured by the
three-antenna extrapolation technique. The resulting data are
fitted to a polynomial function of inverse distance and two
sinusoidal terms which represent the multiple reflection terms.
The fitting process follows that of Borland [14].

VSL (Netherlands) Description [15]

Measurements were performed in an anechoic room with
one open side (dimensions 5.0 m x 3.0 m x 2.4 m) at a
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: TABLE V
POLARIZATION OF INTERCOMPARISON STANDARDS AT 8.0 GHz
Laboratory S/N 1 S/N 2
A. R. (dB) Tilt () Sense { A.R. (dB) Tilt (°) Sense
NIST (1980) 60 + 2 90.3 £ 0.5 R 6042 91.5+0.5 R -
NIST (1982) 52+2 90.7 £ 0.5 R 51+£2 90.5 £ 0.5 R
NIST (1992) 52+2 90.9 + 0.25 R 69+2 90.8 £ 0.25 R
TABLE VI
POLARIZATION OF INTERCOMPARISON STANDARDS AT 10.0 GHz
Laboratory S/N 1 S/N 2
A.R. (dB) Tilt (*) Sense A. R. (dB) Tilt (°) Sense
NIST (1980) 43 +£2 90.4 £ 0.5 R 44 £2 91.4 £ 0.5 R
NIST (1982) 44 12 90.7 £ 0.5 R 45+2 90.9 £ 0.5 R
NIST (1992) 4 +2 90.8 + 0.25 R 45+2 90.8 £ 0.25 R
TUD 42 90.9 + 0.03- R 453 %2 90.8 + 0.03 R
VSL 47
TABLE VII
POLARIZATION OF INTERCOMPARISON STANDARDS AT 12.0 GHz
Laboratory S/N 1 S/N 2
A.R. (dB) Tilt (°) Sense | A.R.(dB) Tilt (°) Sense
NIST (1980) 42+2 90.6 £ 0.5 R 47£2 90.8 £ 0.5 R
NIST (1982) 22 90.9 £ 0.5 R 4712 90.6 £ 0.5 R
NIST (1992) 422 90.7 £ 0.25 R 44 12 90.8 + 0.25 R
TUD 4182 90.8 + 0.03 R 46.4 £2 90.7 £ 0.03 R

1371

distance of 3.5 m using the three-antenna technique using
each of the two horns supplied by NIST and two smaller
horns supplied by VSL. The proximity correction of Chu and
Semplak [6] was employed.

IV. RESULTS OF GAIN MEASUREMENTS

The results of the fixed-frequency gain measurements are
shown in Figs. 3 and 4 and Tables II-IV. Estimated uncer-
tainties are indicated by the error bars as reported by the
individual laboratories. Uncertainties given are 2¢ values,
95% confidence level. Where coverage factors corresponding
to other confidence levels are reported by the participating
laboratories, the reported factor has been modified to reflect a
consistent coverage factor of two.

V. RESULTS OF SWEPT-FREQUENCY MEASUREMENTS

Swept-frequency measurements were performed at five of
the participating laboratories. The results of the swept mea-
surements are shown on the following plots. Figs. 5 and 6

show the results for the individual gains of antennas number
one and two. One laboratory, TUD, reported individual swept-
frequency gain for antenna number one only. Two laboratories,
CNET and FIZ reported average gain for the antenna pair.
Fig. 7 shows a comparison of these results with the average
of the individual gains measured at NPL and NIST.

VI. RESULTS OF POLARIZATION MEASUREMENTS

Polarization measurements were performed at only two
laboratories (TUD and VSL) besides the pilot laboratory. In
addition, only TUD measured the complete polarization char-
acteristic for both antennas. Tables V-VII list the axial ratio,
tilt angle, and sense of polarization (right—R, or left—L),
measured by the participants for each antenna.

VII. INTERPRETATION OF RESULTS

In general, the agreement between measurements is within
the tolerance specified by each laboratory. A notable exception
is at 8.0 GHz where, for the 1980 and 1982 measurements,
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NIST reports approximately 0.3 dB above the values obtained
by the other participants. It is now apparent that the distance
range employed in the extrapolation technique was too short
for these measurements. The procedure was changed to correct
for this problem after the 1982 measurements. Noteworthy is
the fact that several fundamentally different techniques were
employed to correct for proximity effects and yielded results
that agreed within the estimated uncertainties.

Polarization measurements also showed good agreement
between the laboratories which participated in this phase of
the measurement.

Finally, we comment on the assumption that the two test
horns were identical. Fig. 8 shows the swept-frequency mea-

- surement of the two horns measured at a) NIST and b)
NPL. We observe that both laboratories show similar but not
identical gain versus frequency characteristics with antenna
number one having a higher gain than antenna number two.
Physical measurements of the antennas, however, showed the
dimensions to be negligibly different. The swept-frequency
measurements also indicate the importance of determining the
frequency dependence of these antennas rather than relying on
the nominal curves provided by Slayton [1].
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